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Embodiments of the present invention provide a decision
feedback equalizer, which includes: a receive end, configured
to receive a first differential signal, and input the first differ-
ential signal to the superimposer; a superimposer, configured
to superimpose the first differential signal on a square-wave
signal output by a adjusting unit to obtain a second differen-
tial signal; the adjusting unit, configured to perform phase
and/or amplitude adjustment for a second square-wave sig-
nal; the first decision device is configured to compare a volt-
age amplitude of the second differential signal with a set
value, and output a first square-wave signal; the second deci-
sion device is configured to compare the voltage amplitude of
the second differential signal with a voltage amplitude of a
signal adjusted by the adjusting unit, and input an obtained
second square-wave signal to the adjusting unit. The embodi-
ments of the present invention can reduce data edge jitter.

ABSTRACT

13 Claims, 4 Drawing Sheets
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DECISION FEEDBACK EQUALIZER AND
RECEIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2012/087920, filed on Dec. 28, 2012,
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
communications technologies, and in particular, to a decision
feedback equalizer and a receiver.

BACKGROUND

As digital signal technologies develop towards a direction
of high speed and large capacity, the need of a high speed
signal processing technology is becoming increasingly
urgent. Intersymbol interference (Inter Symbol Interference,
ISI) generated during signal transmission is a key factor that
constrains signal rate improvement. The ISI may cause pulse
broadening, lead to instability of a voltage amplitude of a
signal, and bring about data edge jitter of the signal, so that a
bit error rate (Bit Error Rate, BER) of a channel increases.

In the prior art, a differential decision feedback equalizer is
used to perform delay processing on a received differential
signal and feed back a processed differential signal to a
receive end, and the processed differential signal is superim-
posed on a differential signal received by the receive end.
However, the method may cause great data edge jitter.

SUMMARY

Embodiments of the present invention provide a decision
feedback equalizer and areceiver, which can reduce data edge
jitter.

According to a first aspect, an embodiment of the present
invention provides a decision feedback equalizer, including: a
receive end, a superimposer, an adjusting unit, a first decision
device and a second decision device, where the receive end is
configured to receive a first diftferential signal, synchronize a
local clock with a frequency of the first differential signal to
make a cycle of the local clock consistent with a cycle of the
first differential signal, and input the first differential signal to
the superimposer; the superimposer is configured to superim-
pose the first differential signal input by the receive end on a
square-wave signal output by the adjusting unit to obtain a
second differential signal, and separately input the second
differential signal to a differential input end of the first deci-
sion device and a differential input end of the second decision
device; the adjusting unit is configured to perform phase
and/or amplitude adjustment for a second square-wave signal
output by the second decision device, and separately input a
square-wave signal obtained after the adjustment to the super-
imposer and a feedback input end of the second decision
device; the first decision device is configured to compare a
voltage amplitude of the second differential signal input to the
differential input end of the first decision device with a set
value, and output a first square-wave signal; and the second
decision device is configured to compare a voltage amplitude
of'the second differential signal input to the differential input
end of the second decision device with a voltage amplitude of
a square-wave signal that is input to the feedback input end
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and is adjusted by the adjusting unit, and input an obtained
second square-wave signal to the adjusting unit.

In a first possible implementation manner of the first
aspect, the adjusting unit is specifically configured to: per-
form phase delay at least once for the second square-wave
signal output by the second decision device, where a phase is
delayed for an integral multiple of the cycle of the local clock
each time, add up at least one obtained signal, and then
separately input a signal obtained after the adding-up to the
superimposer and the feedback input end of the second deci-
sion device.

According to the first possible implementation manner of
the first aspect, in a second possible implementation manner,
the adjusting unit includes: a first delay module, a first coef-
ficient module and a first adder, where the first delay module
is configured to perform phase delay for the second square-
wave signal, where the phase is delayed for the integral mul-
tiple of the cycle of the local clock, and input an obtained
signal to the first coefficient module; the first coefficient mod-
ule is configured to adjust a voltage amplitude of a signal that
is adjusted and then output by the first delay module, and
input an obtained signal to the first adder; and the first adder
is configured to add up signals input by a plurality of first
coefficient modules, and separately input an obtained signal
to the superimposer and the feedback input end of the second
decision device.

According to the second possible implementation manner
of'the first aspect, in a third possible implementation manner,
the first coefficient module is configured to multiply the volt-
age amplitude of the signal input by the first delay module by
an, where a value of an is a ratio of a value of a unit impulse
response at a current sampling moment to a peak value of the
unit impulse response, n is a numerical value of the integral
multiple of the cycle of the local clock, n is an integer, and the
current sampling moment is n times the cycle of the local
clock.

According to the second or third possible implementation
manner of the first aspect, in a fourth possible implementation
manner, a plurality of first delay modules is connected in
series, an input end of each of the first coefficient modules is
connected to an output end of one of the first delay modules,
and an output end of each of the first coefficient modules is
connected to an input end of the first adder.

According to the second, third or fourth possible imple-
mentation manner of the first aspect, in a fifth possible imple-
mentation mannet, each of the first delay modules delays the
signal for an equal time, and numbers of first delay modules
between adjacent first coefficient modules are equal.

In a sixth possible implementation manner of the first
aspect, the adjusting unit is specifically configured to: per-
form phase delay at least once for the second square-wave
signal output by the second decision device, where a phase is
delayed for an integral multiple of the cycle of the local clock
each time, add up at least one obtained signal, and then input
a signal obtained after the adding-up to the superimposer; or
perform phase delay at least once for the second square-wave
signal output by the second decision device, where a phase is
delayed for an odd multiple of a half cycle of the local clock
each time, add up at least one obtained signal, and then input
asignal obtained after the adding-up to the feedback input end
of the second decision device.

According to the sixth possible implementation manner of
the first aspect, in a seventh possible implementation manner,
the adjusting unit includes: a second delay module, a second
coefficient module, a third coefficient module, and a second
adder, where the second delay module is configured to per-
form phase delay for the second square-wave signal, where
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the phase is delayed for the odd multiple of the half cycle of
the local clock; the second coefficient module is configured to
adjust a voltage amplitude of a signal that is adjusted and then
output by an even number of second delay modules, and input
an obtained signal to the superimposer; the third coefficient
module is configured to adjust a voltage amplitude of a signal
that is adjusted and then output by an odd number of second
delay modules, and input an obtained signal to the second
adder; and the second adder is configured to add up signals
input by a plurality of third coefficient modules, and input an
obtained signal to the feedback input end of the second deci-
sion device.

According to the seventh possible implementation manner
of'the first aspect, in an eighth possible implementation man-
ner, the second coefficient module is configured to multiply
the voltage amplitude of the signal that is adjusted and then
output by the even number of second delay modules, by an,
where a value of an is a ratio of a value of a unit impulse
response at a current sampling moment to a peak value of the
unit impulse response, n is a numerical value of the integral
multiple of the cycle of the local clock, n is an integer, and the
current sampling moment is n times the cycle of the local
clock; and the third coefficient module is configured to mul-
tiply the voltage amplitude of the signal that is adjusted and
then output by the odd number of second delay modules, by
(Pm=0.5), where a value of fm is a ratio of a value of a unit
impulse response at a current sampling moment to a peak
value of the unit impulse response, m is a numerical value of
the odd multiple of the half cycle of the local clock, m is an
odd number, and the current sampling moment is m times the
half cycle of the local clock.

According to the seventh or eighth possible implementa-
tion manner of the first aspect, in a ninth possible implemen-
tation manner, a plurality of second delay modules is con-
nected in series, an input end of each second coefficient
module is connected to an output end of an even number-th
second delay module, and an output end of each second
coefficient module is connected to the superimposes; and an
input end of each of the third coefficient modules is connected
to an output end of an odd number-th second delay module,
and an output end of each of the third coefficient modules is
connected to the second adder.

According to the seventh, eighth or ninth possible imple-
mentation manner of the first aspect, in a tenth possible imple-
mentation manner, each of the second delay modules delays
the signal for an equal time, numbers of second delay mod-
ules between adjacent second coefficient modules are equal,
and numbers of third delay modules between adjacent second
coefficient modules are equal.

According to a second aspect, an embodiment of the
present invention provides a receiver, including: an optical-
to-electrical converter, the decision feedback equalizer
according to any one of the first to ninth implementation
manners, and a clock data recovery module; where the opti-
cal-to-electrical conversion module is configured to convert a
received optical signal into an electrical signal, and input the
electrical signal to the decision feedback equalizer as a first
differential signal; and the clock data recovery module is
configured to receive a first square-wave signal output by a
first decision device in the decision equalizer, and synchro-
nize a local clock with the first square-wave signal.

In a first possible implementation manner of the second
aspect, the receiver is arranged on an optical line terminal
OLT, an optical network unit ONU or an optical network
terminal ONT.

In the decision feedback equalizer and the receiver pro-
vided by the embodiments of the present invention, one deci-
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sion device and a superimposer are adopted to form a feed-
back loop, so as to adjust a differential signal received by a
receive end, and another decision device is adopted as an
output decision device of the decision feedback equalizer and
outputs a signal obtained after the adjustment, so that signal
decision points after the adjustment are located in proper
positions, thereby decreasing jitter of an output differential
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions in the embodiments of
the present invention more clearly, the following briefly intro-
duces the accompanying drawings required for describing the
embodiments. Apparently, the accompanying drawings in the
following description show some embodiments of the present
invention, and a person of ordinary skill in the art may still
derive other drawings from these accompanying drawings
without creative efforts.

FIG. 1 is a schematic structural diagram of a first embodi-
ment of a decision feedback equalizer according to the
present invention;

FIG. 2 is a unit impulse response in a case in which a
transmission channel has ISI;

FIG. 3 is a diagram of time domain waveforms of a differ-
ential signal before and after it is processed by an adjusting
unit;

FIG. 4 is a schematic structural diagram of a second
embodiment of a decision feedback equalizer according to
the present invention;

FIG. 5 is a schematic structural diagram of a third embodi-
ment of a decision feedback equalizer according to the
present invention; and

FIG. 6 is a schematic structural diagram of a first embodi-
ment of a receiver according to the present invention.

DETAILED DESCRIPTION

To make the objectives, technical solutions, and advan-
tages of the embodiments of the present invention clearer, the
following clearly and describes the technical solutions in the
embodiments of the present invention with reference to the
accompanying drawings in the embodiments of the present
invention. Apparently, the described embodiments are a part
rather than all of the embodiments of the present invention.
All other embodiments obtained by a person of ordinary skill
in the art based on the embodiments of the present invention
without creative efforts shall fall within the protection scope
of the present invention.

FIG. 1 is a schematic structural diagram of a first embodi-
ment of a decision feedback equalizer according to the
present invention. As shown in FIG. 1, the decision feedback
equalizer includes: a receive end 11, a superimposer 12, an
adjusting unit 13, a first decision device 14 and a second
decision device 15.

The receive end 11 is configured to receive a first differen-
tial signal, synchronize a local clock with a frequency of the
first differential signal to make a cycle of the local clock
consistent with a cycle of the first differential signal, and input
the first differential signal to the superimposer.

The superimposer 12 is configured to: superimpose the first
differential signal input by the receive end 11 on a square-
wave signal output by the adjusting unit 13 to obtain a second
differential signal; and separately input the second differen-
tial signal to a differential input end of the first decision device
14 and a differential input end of the second decision device
15. The adjusting unit 13 is configured to perform phase
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and/or amplitude adjustment for a second square-wave signal
output by the second decision device 15, and separately input
a square-wave signal obtained after the adjustment to the
superimposer 12 and a feedback input end of the second
decision device 15.

The first decision device 14 is configured to compare a
voltage amplitude of the second differential signal input to the
differential input end of the first decision device 14 with a set
value, and output a first square-wave signal.

The second decision device 15 is configured to compare a
voltage amplitude of the second differential signal input to the
differential input end of the second decision device 15 with a
voltage amplitude of a square-wave signal that is input to the
feedback input end and is adjusted by the adjusting unit 13,
and input an obtained second square-wave signal to the
adjusting unit 13.

The decision feedback equalizer according to this embodi-
ment of the present invention may be arranged on various
types of optical network devices, for example, may be
arranged on an optical line terminal (Optical Line Terminal,
OLT), may be arranged on an optical network unit (Optical
Network Unit, ONU), and may also be arranged on an optical
network terminal (Optical network terminal, ONT). The deci-
sion feedback equalizer may perform amplitude and/or phase
adjustment for a differential signal sent by a transmit end.

The decision feedback equalizer according to this embodi-
ment of the present invention includes one feedback loop and
one output link. The superimposer 12, an output end of the
second decision device 15, and the adjusting unit 13 form one
feedback loop, which is used to adjust a phase and/or a volt-
age amplitude of the second square-wave signal output by the
output end of the second decision device 15; the output end of
the second decision device 15, the adjusting unit 13, the
superimposer 12, and the first decision device 14 form one
output link, which is used to compare the signal adjusted by
the foregoing feedback loop with a set value by using the first
decision device 14, to output a more ideal first square-wave
signal, so as to decrease jitter of the first square-wave signal
output by the first decision device 14.

After the differential signal sent by the transmit end is
transmitted through a transmission link, the differential signal
received by the receive end may be mixed with an interfer-
ence signal, so that the differential signal is distorted. There-
fore, the receive end needs to adjust the received differential
signal.

The first decision device 14 and the second decision device
15 may be implemented by adopting various existing differ-
ential comparers, or by adopting logic circuits formed by
logic components. It should be noted that, because what is
received by the decision feedback equalizer according to this
embodiment of the present invention is a differential signal,
both the first differential signal and the second differential
signal involved in this embodiment of the present invention
include two signals. It may be understood that, the receive end
11 has input ports and output ports corresponding to the two
signals in the first differential signal. The superimposes 12
has input ports corresponding to the two signals in the first
differential signal, and has output ports corresponding to the
two signals in the second differential signal. The first decision
device 14 and the second decision device 15 separately have
input ports and output ports corresponding to the two signals
in the second differential signal. In addition, the first square-
wave signal output by the first decision device 14 actually
includes two square-wave signals, and the two square-wave
signals each correspond to one signal in the second differen-
tial signal received by the first decision device 14. Similarly,
the second square-wave signal output by the second decision
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6

device 15 actually includes two square-wave signals, and the
two square-wave signals each correspond to one signal in the
second differential signal received by the second decision
device 15. The second square-wave signal input to the adjust-
ing unit 13 actually includes two square-wave signals, and the
two square-wave signals each correspond to one signal in the
second differential signal received by the second decision
device 15. In fact, the square-wave signal adjusted and then
output by the adjusting unit 13 also includes two square-wave
signals, and the two square-wave signals each correspond to
one signal in the second square-wave signal received by the
adjusting unit 13. The superimposer 12 has input ports cor-
responding to the two square-wave signals output by the
adjusting unit 13. The second decision device 15 has input
ports corresponding to the two square-wave signals output by
the adjusting unit 13, so that the second decision device 15
can compare the two square-wave signals respectively with
the two signals in the second differential signal.

Specifically, it is assumed that the two signals included in
the second differential signal are a signal P and a signal N. The
first decision device 14 compares a voltage amplitude of the
signal P in the second differential signal with aset value ofthe
signal P, and outputs a square-wave signal; the first decision
device 14 compares a voltage amplitude of the signal N in the
second differential signal with a set value of the signal N, and
outputs a square-wave signal; the two square-wave signals
form the first square-wave signal. In an implementation sce-
nario, if the voltage amplitude of the signal P in the second
differential signal is greater than the set value of the signal P
and the voltage amplitude of the signal N is greater than the
set value of the signal N at a same moment, the first decision
device 14 may output two high-level differential first square-
wave signals corresponding to the signal P and the signal N;
if the voltage amplitude of the signal P in the second difter-
ential signal is less than the set value of the signal P and the
voltage amplitude of the signal N is less than the set value of
the signal N at a same moment, the first decision device 14
may output two low-level differential first square-wave sig-
nals corresponding to the signal P and the signal N; if the
voltage amplitude of the signal P in the second differential
signal is greater than the set value of the signal P and the
voltage amplitude of the signal N is less than the set value of
the signal N at a same moment, the first decision device 14
may output first square-wave signals of a high level corre-
sponding to the signal P and of a low level corresponding to
the signal N; if the voltage amplitude of the signal P in the
second differential signal is less than the set value of the
signal P and the voltage amplitude of the signal N is greater
than the set value of the signal N at a same moment, the first
decision device 14 may output first square-wave signals of a
low level corresponding to the signal P and of a high level
corresponding to the signal N. Alternatively, in another
implementation scenario, a voltage amplitude each signal in
the second differential signal may be compared with a set
value of the signal, when a comparison result is less than, a
high level corresponding to the signal is output; when a com-
parison result is greater than, a low level corresponding to the
signal is output. Comparison and output principles and a size
of'the set value corresponding to each signal may be designed
according to a requirement of a specific scenario, and are not
limited in this embodiment of the present invention.

The second decision device 15 compares the voltage
amplitude of the second differential signal with the voltage
amplitude of the signal adjusted by the adjusting unit 13, and
obtains the second square-wave signal. The comparison pro-
cess is similar to that of the first decision device 14, and a
difference lies in that: a reference value of the second differ-
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ential signal is not a set value, but is the signal adjusted by the
adjusting unit 13, and the signal is also a differential signal.
Therefore, during comparison, the signal P in the second
differential signal is also compared with a signal P in the
second square-wave signal input to the feedback input end,
and a square-wave signal is output; the signal N in the second
differential signal is compared with a signal N in the second
square-wave signal input to the feedback input end, and a
square-wave signal is output; the two square-wave signals
form the second square-wave signal.

The second square-wave signal is input to the adjusting
unit 13, and a principle of the adjustment on the differential
signal by the adjusting unit 13 is as follows:

Intersymbol interference (Inter Symbol Interference, ISI)
usually exists between the transmit end and the receive end.
FIG. 2 is a unit impulse response in a case in which a trans-
mission channel has ISI. In a situation where a transmission
channel between the transmit end and the receive end is idle,
a square-wave test signal is input, and a unit impulse response
shown in FIG. 2 is obtained, where a solid-line curve repre-
sents a time domain waveform generated on the receive end
when a differential signal passes through the transmission
channel at a current moment, and a dotted-line curve repre-
sents a time domain waveform generated by the differential
signal on the receive end at a previous moment.

It can be seen from FIG. 2 that, regarding the voltage
amplitude of the differential signal, in addition to a voltage
amplitude generated by a current differential signal, voltages
generated at a current moment by differential signals at a
previous moment and even an earlier moment are superim-
posed. Specifically, for the current signal P in the differential
signal, in addition to a voltage amplitude generated by the
current signal P, voltages generated at a current moment by
the signal P at a previous moment and an earlier moment are
further superimposed; for the signal N, in addition to a voltage
amplitude generated by the current signal N, voltages gener-
ated at a current moment by the signal N at a previous moment
and an earlier moment are further superimposed. In addition,
what mainly affects the voltage amplitude of the current dif-
ferential signal is a moment that is an integral multiple of a
cycle of the differential signal, namely, 0, T, 2T, . . ., and nT.
Therefore, the voltage amplitude of the differential signal at
the current moment may be expressed as: al*T+a2*
2T+. .. +an*nT, where al, a2, . . ., and an are coefficients,
and values of al, a2, . . ., and an may be obtained by
calculation according to FIG. 2. For example, a ratio of a
value of a unit impulse response at a current sampling
moment to a peak value of the unit impulse response may be
selected, where the current sampling moment is an integral
multiple of the cycle of the differential signal.

Similarly, regarding a data edge of each signal in the dif-
ferential signal, namely, a tailing part of the differential sig-
nal, in addition to the voltage generated by the current differ-
ential signal, voltages generated at a current moment by a tail
of a differential signal at a previous moment and even a tail of
a differential signal at an earlier moment are superimposed.
Specifically, for a tailing part of the signal P in the differential
signal, in addition to a voltage generated by the current signal
P, voltages generated at a current moment by a tail of the
signal P at a previous moment and an earlier moment are
further superimposed; for a tailing part of the signal N, in
addition to a voltage generated by the current signal N, volt-
ages generated at a current moment by a tail of the signal N at
a previous moment and an earlier moment are further super-
imposed. What mainly affects the data edge of a current data
differential signal is a moment thatis an odd multiple of a half
cycle of the data differential signal, namely, T/2, 3T/2, .. .,
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8
and (2n+1)T/2. Therefore, the data edge of the differential
signal at the current moment may be expressed as: 0.5-(f1-

0.5)*T/2-(p2-0.5)*3T/2~ . . . —=(n-0.5)*(2n+1)T/2), where
p1, P2, . . ., and Pn are coefficients, and values of §1,
P2, ..., and pfn may be obtained by calculation according to

FIG. 2. For example, a ratio of a value of a unit impulse
response at a current sampling moment to a peak value of the
unit impulse response may be selected, where the current
sampling moment may be an odd multiple of the half cycle of
the differential signal.

On this basis, the adjusting unit 13 may perform multiple
times of phase delay for the second square-wave signal output
by the second decision device 15. If the phase is delayed for
an integral multiple of the cycle of the local clock each time
and a plurality of obtained signals is added up, where difter-
ential signals in a previous cycle and even an earlier cycle are
superimposed in the obtained signals, interference on the
voltage amplitude ofthe second square-wave signal output by
the second decision device 15 can be decreased; if the phase
is delayed for an odd multiple of a half cycle of the local clock
each time and a plurality of obtained signals is added up,
where differential signals in a previous half cycle and even an
earlier half cycle are superimposed in the obtained signals,
tailing interference on the data edge of the second square-
wave signal output by the second decision device 15 is can-
celed.

The foregoing adjustment principle may be used for each
signal in the differential signal, but an amplitude of an
adjusted signal may be increased generally. In addition, the
differential signal usually includes two signals: one is posi-
tive and the other is negative. Therefore, amplitudes of the
two positive and negative differential signals are both
increased. FIG. 3 is a diagram of time domain waveforms of
a differential signal before and after it is processed by the
adjusting unit, where dotted lines formed by dots represent
waveform diagrams before the processing by the adjusting
unit, and solid lines represent waveform diagrams after the
processing by the adjusting unit. It can be seen from an
analysis of FIG. 3 that, if only one decision device is used for
both adjustment of the feedback loop and output, the wave-
form diagrams of the two signals move upward and down-
ward separately, which will make crosspoints of the two
signals delayed. That is, decision points of the differential
decision device are delayed, so that jitter is increased. In this
embodiment, one decision device, namely, the second deci-
sion device, and the superimposer form the feedback loop,
which adjusts the differential signal received by the receive
end; another decision device, namely, the first decision
device, is used as an output decision device of the decision
feedback equalizer to output the adjusted signal.

In actual implementation, a value of one phase delay may
be estimated first, for example, the phase is delayed for one
cycle of the local clock. After a link is established according
to the solution of this embodiment, an oscilloscope is used to
continue to observe an output waveform diagram of the first
decision device 14, and the value of the phase delay is re-
adjusted according to the output waveform diagram; or, the
phase may not be delayed first, but a value of a decision point
delay displayed in the output waveform diagram of the first
decision device 14 is measured directly, and then the value of
the phase delay of the adjusting unit 13 is determined accord-
ing to the displayed value. Therefore, the second differential
signal is moved backward as a whole, so that positions of the
decision points are close to decision points of the original
signal (the first differential signal) as much as possible, so as
to decrease data edge jitter of the differential signal.
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In the decision feedback equalizer according to this
embodiment, one decision device and a superimposer are
adopted to form a feedback loop, so as to adjust a differential
signal received by a receive end, and another decision device
is adopted as an output decision device of the decision feed-
back equalizer and outputs a signal obtained after the adjust-
ment, so that signal decision points after the adjustment are
located in proper positions, thereby decreasing jitter of an
output differential signal.

Optionally, the adjusting unit 13 may be specifically con-
figured to perform phase delay at least once for the second
square-wave signal output by the second decision device 15,
where the phase is delayed for an integral multiple of the cycle
of the local clock each time, add up at least one obtained
signal, and then separately input a signal obtained after the
adding-up to the superimposer 12 and the feedback input end
of the second decision device 15.

FIG. 4 is a schematic structural diagram of a second
embodiment of a decision feedback equalizer according to
the present invention. As shown in FIG. 4, as a possible
structure, the adjusting unit 13 may include a first delay
module 131, a first coefficient module 132 and a first adder
133.

The first delay module 131 is configured to perform phase
delay for the second square-wave signal, where the phase is
delayed for an integral multiple of the cycle of the local clock,
and input an obtained signal to the first coefficient module
132.

The first coefficient module 132 is configured to adjust a
voltage amplitude of a signal that is adjusted and then output
by the first delay module 131, and input an obtained signal to
the first adder 133.

The first adder 133 is configured to add up signals input by
a plurality of first coefficient modules 132, and separately
input an obtained signal to the superimposer 12 and the feed-
back input end of the second decision device 15.

Based on the foregoing description, a voltage amplitude of
each signal in a differential signal at a current moment may be
expressed as:

al*T+a2*2T+. .. +an*nT.

A plurality of first delay modules 131 may be arranged on
the adjusting unit 13, and these first delay modules 131 may
be configured to separately perform phase delay once for the
second square-wave signal to obtain a plurality of signals,
which are obtained by delaying the second square-wave sig-
nal for T, 27T, . . ., and nT. That is, phases delayed by the first
delay modules 131 may be different, and the plurality of first
delay modules 131 may be configured to separately delay the
second square-wave signal for T, 2T, . . ., and nT.

Correspondingly, the first coefficient module 132 is con-
figured to multiply the voltage amplitude of the signal input
by the first delay module 131 by an, where a value of anis a
ratio of a value of a unit impulse response at a current sam-
pling moment to a peak value of the unit impulse response.
Specifically, a plurality of first coefficient modules 132 may
be arranged on the adjusting unit 13, and each first coefficient
module 132 may correspond to one first delay module 131.
For example, one first coefficient module 132 may corre-
spond to a first delay module 131 that is configured to delay
the second square-wave signal for T, and may be configured to
adjust a voltage amplitude of a delayed signal obtained after
delay adjustment by the first delay module 131, for example,
multiply the voltage amplitude by a1, to obtain a signal after
the adjustment; another first coefficient module 132 may cor-
respond to a first delay module 131 that is configured to delay
the second square-wave signal for 2T, and may be configured
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to adjust an voltage amplitude of a delayed signal obtained
after delay adjustment by the first delay module 131, for
example, multiply the voltage amplitude by a2, to obtain
another signal after the adjustment; . . . , and one first coeffi-
cient module 132 may correspond to a first delay module 131
that is configured to delay the second square-wave signal for
nT, and may be configured to adjust an voltage amplitude of
a delayed signal obtained after delay adjustment by the first
delay module 131, for example, multiply the voltage ampli-
tude by an, to obtain another signal after the adjustment.

The first adder 133 adds up a plurality of signals obtained
after the adjustment and input by the plurality of first coeffi-
cient modules 132, and input an obtained signal to the super-
imposer 12 and the feedback input end of the second decision
device 15.

The superimposer 12 superimposes the signal adjusted by
the adjusting unit 13 on the signal received by the receive end,
and then inputs an obtained signal to the differential input end
of the first decision device 14. The first decision device 14
compares the signal obtained after the superimposition with a
preset value, and obtains and outputs the first square-wave
signal.

In order to simplify the structure of the adjusting unit 13, as
a possible implementation manner, as shown in FIG. 4, the
plurality of first delay modules 131 in the adjusting unit 13
may be connected in series, an input end of each first coeffi-
cient module 132 may be connected to an output end of one
first delay module 131, and an output end of each first coef-
ficient module 132 is connected to an input end of the super-
imposer 12. In this implementation scenario, each first delay
module 131 may delay the second square-wave signal for an
equal time, for example, for one cycle T, and numbers of first
delay modules between adjacent first coefficient modules 132
are equal.

Optionally, the numbers of first delay modules 131
between adjacent first coefficient modules 132 are equal. As
shown in FIG. 4, one first delay module 131 may be arranged
between adjacent first coefficient modules 132, so that the
adjusting unit 13 is able to superimpose all differential signals
in an integral multiple of the cycle before a differential signal
at a current moment on the differential signal at the current
moment, thereby canceling an effect of voltage amplitudes of
all the differential signals in the integral multiple of the cycle
before the differential signal at the current moment on a
voltage amplitude of the current differential signal.

In specific implementation of the foregoing embodiment,
the first adder 133 may also be replaced with a component
capable of performing a function operation, such as a sub-
tractor, or a component capable of performing weighted pro-
cessing on signals that are adjusted and then output by the
plurality of first coefficient modules 132, to adapt to adjust-
ment for various requirements.

FIG. 5 is a schematic structural diagram of a third embodi-
ment of a decision feedback equalizer according to the
present invention. In this embodiment, on a basis of adjust-
ment of a voltage amplitude of a differential signal, the adjust-
ing unit 13 may further adjust a data edge of the differential
signal, to further decrease jitter of the differential signal.
Specifically, the adjusting unit 13 is specifically configured to
perform phase delay at least once for the second square-wave
signal output by the second decision device 15, where the
phase is delayed for an integral multiple of the cycle of the
local clock each time, add up at least one obtained signal, and
then input a signal obtained after the adding-up to the super-
imposer; or perform phase delay at least once for the second
square-wave signal output by the second decision device 15,
where the phase is delayed for an odd multiple of the half
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cycle of the local clock each time, add up atleast one obtained
signal, and then input a signal obtained after the adding-up to
the feedback input end of the second decision device 15.

As shown in FIG. 5, as a possible structure, the adjusting
unit 13 may include:

a second delay module 134, a second coefficient module
135, a third coefficient module 136, and a second adder 137.

The second delay module 134 is configured to perform
phase delay for the second square-wave signal, where the
phase is delayed for an odd multiple of the half cycle of the
local clock.

The second coefficient module 135 is configured to adjust
avoltage amplitude of a signal that is adjusted and then output
by an even number of second delay modules 134, and input an
obtained signal to the superimposer 12.

The third coefficient module 136 is configured to adjust a
voltage amplitude of a signal that is adjusted and then output
by an odd number of second delay modules 134, and input an
obtained signal to the second adder 137.

The second adder 137 is configured to add up signals input
by a plurality of third coefficient modules 136, and input an
obtained signal to the feedback input end of the second deci-
sion device 15.

A plurality of second delay modules 134 may be arranged
on the adjusting unit 13, and these second delay modules 134
may be configured to separately perform phase delay once for
the second square-wave signal, where the phase is delayed for
the halfcycle ofthe local clock each time, to obtain a plurality
of delayed signals that are obtained by delaying the second
square-wave signal for T/2, T, 3T/2, 2T, . . ., nT, and (2n+1)
T/2. That is, a signal adjusted and then output by the even
number of second delay modules 134 is a delayed signal with
a delay of an integral multiple of the cycle of the local clock,
and a signal adjusted and then output by the odd number of
second delay modules 134 is a delayed signal with a delay of
an odd multiple of the half cycle of the local clock.

Further, optionally, the second coefficient module 135 is
configured to multiply the voltage amplitude of the signal that
is adjusted and then output by the even number of second
delay modules 134, by an, where a value of an is a ratio of a
value of a unit impulse response at a current sampling
moment to a peak value of the unit impulse response. In this
case, an actual effect of the second coefficient module 135 is
similar to the first coefficient module 132 in the second
embodiment shown in FIG. 4. In specific implementation, a
plurality of second coefficient modules 135 may also be
arranged, and each second coefficient module 135 may cor-
respond to one second delay module 134. That is, the 2n-th
second coefficient module 135 may correspond to a second
delay module that is configured to delay the second square-
wave signal for nT, and may be configured to adjust a voltage
amplitude of a delayed signal obtained after the second delay
module 134 imposes a delay of an integral multiple of the
cycle, for example, multiply the voltage amplitude by an, to
obtain a signal after the adjustment.

Correspondingly, the third coefficient module 136 may be
configured to adjust the voltage amplitude of the signal that is
obtained after the adjustment by the second delay module
134. A voltage amplitude adjustment range of the third coef-
ficient module 136 may vary with the delay of the second
delay module 134.

It can be known from the foregoing description that, what
mainly affects the data edge of the current differential signal
is a moment that is an odd multiple of a half cycle of the
differential signal, namely, T/2, 3T/2, . .., and 2n+1)T/2. In
addition, the data edge of each signal in the differential signal
at a current moment may be expressed as: 0.5-($1-0.5)*T/
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2-($2-0.5)*3T/2- . . . —(pn-0.5)*(2n+1)1/2), where 1,
p2,...,and Pnare coefficients, and values of 1, p2, .. ., and

pn may be obtained by calculation according to FIG. 2.

In this embodiment, optionally, the third coefficient mod-
ule 136 is specifically configured to multiply the voltage
amplitude of the signal that is adjusted and then output by the
odd number of second delay modules 134, by (Bm-0.5),
where a value of fm is a ratio of a value of a unit impulse
response at a current sampling moment to a peak value of the
unit impulse response, m is a numerical value of the odd
multiple of the half cycle of the local clock, m is an odd
number, for example, m=2n+1, and the current sampling
moment is 2n+1 times the half cycle of the local clock.

Correspondingly, each third coefficient module 136 may
correspond to one second delay module 134. For example,
one third coefficient module 136 may correspond to a second
delay module 134 that is configured to delay the second
square-wave signal for T/2, and may be configured to adjust a
voltage amplitude of a signal obtained after delay adjustment
by the second delay module 134, for example, multiply the
voltage amplitude by ($1-0.5), to obtain a signal after the
adjustment; another third coefficient module 136 may corre-
spond to a second delay module 134 that is configured to
delay the second square-wave signal for 3T/2, and may be
configured to adjust a voltage amplitude of a signal obtained
after delay adjustment by the second delay module 134, for
example, multiply the voltage amplitude by (p2-0.5), to
obtain a signal after the adjustment; . . . and one third coeffi-
cient module 136 may correspond to a second delay module
134 that is configured to delay the second square-wave signal
for (2n+1)T1/2, and may be configured to delay a voltage
amplitude of a signal obtained after delay adjustment by the
second delay module 134, for example, multiply the voltage
amplitude by (fn-0.5), to obtain a signal after the adjustment.

A plurality of signals obtained after the adjustment by the
plurality of third coefficient modules 136 are added up by the
second adder 137, and an obtained signal is input to the
feedback input end of the second decision device 15. A plu-
rality of signals obtained after the adjustment by the plurality
of second coefficient modules 135 are input to the superim-
poser 12, and then superimposed on the first differential sig-
nal received by the receive end 11.

In order to simplify the structure of the adjusting unit 13, as
a possible implementation manner, as shown in FIG. 5, the
plurality of second delay modules 134 in the adjusting unit 13
is connected in series, an input end of each second coefficient
module 135 is connected to an output end of an even number-
th second delay module 134, and an output end of each second
coefficient module 135 is connected to an input end of the
superimposer 12; an input end of each third coefficient mod-
ule 136 is connected to an output end of an odd number-th
second delay module 134, and an output end of each third
coefficient module 136 is connected to the second adder 137.

In this implementation scenario, each of the second delay
modules 134 may delay the second square-wave signal for an
equal time, for example, for a half cycle T/2, and numbers of
second delay modules between adjacent second coefficient
modules 135 and between adjacent third coefficient modules
136 are equal. As shown in FIG. 5, one second delay module
134 may be arranged between adjacent second coefficient
modules 135, so that the adjusting unit 13 is able to superim-
pose all differential signals in an integral multiple of the cycle
before a differential signal at a current moment on the differ-
ential signal at the current moment, thereby canceling an
effect of voltage amplitudes of all the differential signals in
the integral multiple of the cycle before the differential signal
at the current moment on a voltage amplitude of the current



US 9,225,367 B2

13

differential signal; one second delay module 134 may be
arranged between adjacent third coefficient modules 136, so
that the adjusting unit 13 is able to superimpose all differen-
tial signals in an odd multiple of the half cycle before a
differential signal at a current moment on the differential
signal at the current moment, thereby canceling an effect of
data edges of all the differential signals in the odd multiple of
the half cycle before the differential signal at the current
moment on a data edge of the current differential signal.

In specific implementation of the foregoing embodiment,
the second adder 137 may also be replaced with a component
capable of performing a function operation, such as a sub-
tractor, or a component capable of performing weighted pro-
cessing on signals that are adjusted and then output by the
plurality of third coefficient modules 136, to adapt to adjust-
ment for various requirements.

FIG. 6 is a schematic structural diagram of a first embodi-
ment of a receiver according to the present invention. As
shown in FIG. 6, the receiver includes: an optical-to-electrical
converter 61, a decision feedback equalizer 62 and a clock
data recovery module 63.

The optical-to-electrical conversion module 61 is config-
ured to convert a received optical signal into an electrical
signal, and input the electrical signal to the decision feedback
equalizer as a first differential signal.

The decision feedback equalizer 62 may be the decision
feedback equalizer disclosed by any of the foregoing embodi-
ments, and may include a receive end, a superimposer, an
adjusting unit, a first decision device and a second decision
device. The receive end is configured to receive a first differ-
ential signal, synchronize a local clock with a frequency of the
first differential signal to make a cycle of the local clock
consistent with a cycle of the first differential signal, and input
the first differential signal to the superimposer; the superim-
poser is configured to superimpose the first differential signal
input by the receive end on a square-wave signal output by the
adjusting unit, to obtain a second differential signal, and
separately input the second differential signal to a differential
input end of the first decision device and a differential input
end of the second decision device; the adjusting unit is con-
figured to perform phase and/or amplitude adjustment for a
second square-wave signal output by the second decision
device, and separately input a square-wave signal obtained
after the adjustment to the superimposer and a feedback input
end of the second decision device; the first decision device is
configured to compare a voltage amplitude of the second
differential signal input to the differential input end of the first
decision device with a set value, and output a first square-
wave signal; the second decision device is configured to com-
pare a voltage amplitude of the second differential signal
input to the differential input end of the second decision
device with a voltage amplitude of a square-wave signal that
is input to the feedback input end and is adjusted by the
adjusting unit, and input an obtained second square-wave
signal to the adjusting unit.

The clock data recovery module 63 is configured to receive
the first square-wave signal output by the first decision device
of'the decision equalizer, and synchronize the local clock with
the first square-wave signal. Specifically, the clock data
recovery module 63 performs synchronization processing for
the local clock, so that the local clock is consistent with a
phase and a frequency of the received first square-wave sig-
nal, so as to facilitate sampling accuracy.

In specific implementation, the optical-to-electrical con-
verter 61 may be an avalanche photodiode (APD).

The receiver according to this embodiment of the present
invention may be arranged on an optical network device such
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as an OLT, an ONU or an ONT. For a structure and a function
of'the decision feedback equalizer, reference may be made to
the embodiments of the decision feedback equalizers in FI1G.
1, FIG. 4 or FIG. 5, and details are not described herein again.

A person of ordinary skill in the art may understand that all
or a part of the steps of the method embodiments may be
implemented by a program instructing relevant hardware.
The program may be stored in a computer readable storage
medium. When the program runs, the steps of the method
embodiments are performed. The foregoing storage medium
includes: any medium that can store program code, such as a
ROM, a RAM, a magnetic disk, or an optical disc.

Finally, it should be noted that the foregoing embodiments
are merely intended for describing the technical solutions of
the present invention, but not for limiting the present inven-
tion. Although the present invention is described in detail with
reference to the foregoing embodiments, a person of ordinary
skill in the art should understand that they may still make
modifications to the technical solutions described in the fore-
going embodiments or make equivalent replacements to some
or all technical features thereof, without departing from the
scope of the technical solutions of the embodiments of the
present invention.

What is claimed is:

1. A decision feedback equalizer, comprising:

a receive end, a superimposer, an adjusting unit, a first

decision device and a second decision device;

wherein the receive end is configured to receive a first

differential signal, synchronize a local clock with a fre-
quency of the first differential signal to make a cycle of
the local clock consistent with a cycle of the first differ-
ential signal, and input the first differential signal to the
superimposer;

wherein the superimposer is configured to: superimpose

the first differential signal input by the receive end on a
square-wave signal output by the adjusting unit to obtain
a second differential signal; and input the second differ-
ential signal to a differential input end of the first deci-
sion device and a differential input end of the second
decision device;

wherein the adjusting unit is configured to perform at least

one of phase adjustment and amplitude adjustment for a
second square-wave signal output by the second deci-
sion device, and input a square-wave signal obtained
after the adjustment to the superimposer and a feedback
input end of the second decision device;

wherein the first decision device is configured to compare

a voltage amplitude of the second differential signal
input to the differential input end of the first decision
device with a set value, and output a first square-wave
signal; and

wherein the second decision device is configured to com-

pare the voltage amplitude of the second differential
signal input to the differential input end of the second
decision device with a voltage amplitude of the square-
wave signal that is input to the feedback input end by the
adjusting unit, and input the second square-wave signal
to the adjusting unit.

2. The decision feedback equalizer according to claim 1,
wherein the adjusting unit is configured to:

perform phase delay at least twice for the second square-

wave signal output by the second decision device,
wherein a phase of the second square-wave signal is
delayed for an integral multiple of the cycle of the local
clock each time,

add up the phase delayed signals that are voltage amplitude

adjusted, and
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then separately input a signal obtained after the adding-up
to the superimposer and the feedback input end of the
second decision device.

3. The decision feedback equalizer according to claim 2,

wherein the adjusting unit comprises:

a first delay module, a first coefficient module and a first
adder; wherein the first delay module is configured to
perform phase delay for the second square-wave signal,
wherein the phase is delayed for the integral multiple of

the cycle of the local clock, and input the phase delayed 1

signal to the first coefficient module;

wherein the first coefficient module is configured to adjust
a voltage amplitude of the second square-wave signal
that is phase delayed by the first delay module, and input
the phase delayed signal to the first adder; and

wherein the first adder is configured to add up signals input

by a plurality of first coefficient modules, and input the
phase delayed signal to the superimposer and the feed-
back input end of the second decision device.
4. The decision feedback equalizer according to claim 3,
wherein the first coefficient module is configured to multiply
the voltage amplitude of the signal input by the first delay
module by an, wherein a value of an is a ratio of a value of a
unit impulse response at a current sampling moment to a peak
value of the unit impulse response, n is a numerical value of
the integral multiple of the cycle of the local clock, n is an
integer, and the current sampling moment is n times the cycle
of the local clock, wherein an is greater than zero and less
than or equal to one.
5. The decision feedback equalizer according to claim 3,
wherein a plurality of first delay modules is connected in
series, an input end of each of the first coefficient modules is
connected to an output end of one of the first delay modules,
and an output end of each of the first coefficient modules is
connected to an input end of the first adder.
6. The decision feedback equalizer according to claim 5,
wherein the first delay module comprises a plurality of delay
modules connected in series, and wherein each of the first
delay modules delays an input signal for an equal time, and
the number of first delay modules between adjacent first
coefficient modules are equal.
7. The decision feedback equalizer according to claim 1,
wherein the adjusting unit is configured to:
perform phase delay at least twice for the second square-
wave signal output by the second decision device,
wherein a phase of the second square-wave signal is
delayed for an integral multiple of the cycle of the local
clock each time, add up the phase delayed signals that
are voltage amplitude adjusted, and then input a signal
obtained after the adding-up to the superimposer; or

perform phase delay at least once for the second square-
wave signal output by the second decision device,
wherein a phase is delayed for an odd multiple of a half
cycle of the local clock each time, add up at least one
obtained signal, and then input a signal obtained after the
adding-up to the feedback input end of the second deci-
sion device.

8. The decision feedback equalizer according to claim 7,
wherein the adjusting unit comprises:

asecond delay module, a second coefficient module, a third

coefficient module, and a second adder;

wherein the second delay module is configured to perform

phase delay for the second square-wave signal, wherein
the phase of the second square-wave signal is delayed
for the odd multiple of the half cycle of the local clock;
wherein the second coefficient module is configured to
adjust the voltage amplitude of the second square-wave
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signal that is phase delayed and then output by an even
number of second delay modules, and input the adjusted
signal to the superimposer;

wherein the third coefficient module is configured to adjust
a voltage amplitude of the second square-wave signal
that is phase delayed and then output by an odd number
of second delay modules, and input the adjusted signal to
the second adder; and

wherein the second adder is configured to add up the
adjusted signals input by a plurality of third coefficient
modules, and input an obtained signal to the feedback
input end of the second decision device.

9. The decision feedback equalizer according to claim 8,

wherein:

the second coefficient module is configured to multiply the
voltage amplitude of the signal that is adjusted and then
output by the even number of second delay modules, by
an, wherein a value of an is a ratio of a value of a unit
impulse response at a current sampling moment to a
peak value of the unit impulse response, n is a numerical
value of the integral multiple of the cycle of the local
clock, n is an integer, and the current sampling moment
is n times the cycle of the local clock; and

the third coefficient module is configured to multiply the
voltage amplitude of the signal that is adjusted and then
output by the odd number of second delay modules, by
(Pm-0.5), wherein a value of fm is a ratio of a value of
aunit impulse response at a current sampling moment to
apeak value of the unit impulse response, m is a numeri-
cal value of the odd multiple of the half cycle of the local
clock, m is an odd number, and the current sampling
moment is m times the half cycle of the local clock,
wherein fm is greater than zero and less than or equal to
one.

10. The decision feedback equalizer according to claim 8,

wherein:

a plurality of second delay modules is connected in series,
an input end of each second coefficient module is con-
nected to an output end of an even number-th second
delay module, and an output end of each second coeffi-
cient module is connected to the superimposer; and

an input end of each of the third coefficient modules is
connected to an output end of an odd number-th second
delay module, and an output end of each of the third
coefficient modules is connected to the second adder.

11. The decision feedback equalizer according to claim 8,

wherein each of the second delay modules delays the second
square-wave signal for an equal time, the number of second
delay modules between adjacent second coefficient modules
are equal, and the number of second delay modules between
adjacent third coefficient modules are equal.

12. A receiver, comprising:

an optical-to-electrical converter;

a decision feedback equalizer according to claim 1;

a clock data recovery module;

wherein the optical-to-electrical conversion module is con-
figured to convert a received optical signal into an elec-
trical signal, and input the electrical signal to the deci-
sion feedback equalizer as the first differential signal;
and

wherein the clock data recovery module is configured to
receive the first square-wave signal output by the first
decision device in the decision feedback equalizer, and
synchronize the local clock with the first square-wave

signal.
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13. The receiver according to claim 12, wherein the
receiver is arranged on an optical line terminal (OLT), an
optical network unit (ONU) or an optical network terminal
(OND).



